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PROCESSING 

APPARATUS OF THE SAME 
BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to a technical field in which semiconductor 
manufacturing, high functional thin film manufacturing and processing are 
performed using a plasma process. Particularly, the present invention relates to 
a processing method of particulate dust in plasma generated in a high vacuum 
enclosure during the plasma process. Further, the processing method includes 
deliberate control of the particulate dust in plasma. 

Prior Art 

Conventionally, mainly in a field of the semiconductor manufacturing, 
etching processing of a fine pattern on a surface of a substrate such as a silicon 
wafer and formation of various kinds of functional thin films such as an oxide 
thin film and a nitride film by surface reforming, plasma chemical deposition or 
sputtering have been performed extremely accurately by the use of the plasma 
process. 

However, the particulate dust containing clusters generated in the 
reactive plasma vapor phase has deposited not only on the substrate surface but 
also on an inner wall surface of the high vacuum enclosure being a reaction 
enclosure to contaminate the inside of the high vacuum enclosure. Not only the 
particulates but also particulates flown into plasma due to peeling of a deposition 
film deposited in this manner are negatively electrified in plasma, electrically 
trapped by a plasma boundary region on a substrate front surface to flow onto the 
substrate surface, and thus deteriorating processing accuracy and a film quality, 
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which has been a serious problem. 

Accordingly, the following methods are used as conventional ones to 
prevent the particulate dust from mixing into plasma. 

(1) Generation of plasma is executed intermittently by pulse discharge to 
prevent high dissociation of reactive gas and generation of particulate 
nucleus, and initial particulates are ejected from the vacuum enclosure 
during a discharge off time to control generation of the particulates in 
plasma. 

(2) The inside of the vacuum enclosure is opened after usage for a 
predetermined period and the inner wall is entirely cleaned to remove 
deposit. 

(3) The wall surface of the vacuum enclosure is heated to a high temperature 
(a few hundred degrees °C) to control deposition onto the wall surface 
within a certain level. 

(4) The substrate is arranged to face downward or side to prevent the 
particulates from falling onto the substrate, and number of mobile portions 
is made as small as possible to prevent generation of the particulates due 
to peeling. 

(5) A groove is formed beside a substrate holder to confine the particulates 
and the particulates are ejected along the groove by gas flow. 

Sufficient effect could not be obtained by the above methods. For 
example '• in method (l), control needs to be executed where plasma is generated 
intermittently and a processing time in the plasma process lengthens to reduce 
productivity; in method (2), processing itself needs to be discontinued periodically, 
by which not only productivity is reduced but also a large amount of cost is 
required for the cleaning; in method (3), not only much energy is required to heat 
the wall surface of the vacuum enclosure to the high temperature (a few hundred 
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degrees °C), but also peeling from the wall surface is only reduced and the 
particulate dust generated in plasma cannot be removed; in method (4), although 
influence of the particulates generated in plasma can be reduced, the problem of 
peeling from the inner wall of the vacuum enclosure cannot be solved; and in 
method (5), although both the particulate dust generated in plasma and 
deposition of the particulate dust onto the wall surface can be prevented, the 
particulate dust generated cannot be collected and ejected efficiently due to high 
vacuum of the inside of the vacuum enclosure. 

Therefore, the present invention has been created paying attention to the 
foregoing problems, and its object is to provide a removing method of the 

O 

P particulate dust in plasma and an apparatus thereof, in which the particulate 

$ dust generated in plasma is removed efficiently to solve a problem of deposition 

+: onto the inner wall of the vacuum enclosure and a deterioration problem of 

U1 

9 processing accuracy and film quality associated with flowing of the particulates 

M» 

W onto the substrate. 

M. 

m 

Q 

f SUMMARY OF THE INVENTION 

To solve the foregoing problems, the processing method of the particulate 
dust in plasma of the present invention is one in which the particulate dust in 
plasma is processed when a substrate to be processed is arranged in the high 
vacuum enclosure, plasma is generated in the high vacuum enclosure, and a 
reactive material is appropriately introduced into the high vacuum enclosure to 
perform processing of the substrate to be processed, wherein at least one 
collecting electrode is provided around the substrate to be processed in the high 
vacuum enclosure other than an electrode performing the generation of plasma, 
and a predetermined electric potential of direct current or alternating current is 
appropriately applied to the collecting electrode. 
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With, this characteristic, the particulates generated in plasma and 
negatively electrified are controlled by the collecting electrode and efficiently 
trapped and collected by appropriately applying the predetermined electric 
potential of direct current or alternating current to the collecting electrode, and 
thus the problem of deposition onto the inner wall of the vacuum enclosure and 
the deterioration problem of processing accuracy and film quality associated with 
flowing of the particulates onto the substrate can be solved. 

The processing apparatus of the particulate dust in plasma of the present 
invention is one in which the particulate dust in plasma is processed when a 
substrate to be processed is arranged in the high vacuum enclosure, plasma is 
generated in the high vacuum enclosure, and a reactive material is appropriately 
introduced into the high vacuum enclosure to perform processing of the substrate 
to be processed, which consists of at least one collecting electrode provided 
around the substrate to be processed in the high vacuum enclosure other than 
the electrode performing the generation of plasma,' and electrifying means 
capable of appropriately applying a predetermined electric potential of direct 
current or alternating current to the collecting electrode. 

With this characteristic, the particulates generated in plasma and 
negatively electrified are efficiently trapped and collected to be removed from 
plasma by the collecting electrode by appropriately applying the predetermined 
electric potential of direct current or alternating current to the collecting 
electrode by the electrifying means, and thus the problem of deposition onto the 
inner wall of the vacuum enclosure and the deterioration problem of processing 
accuracy and film quality associated with flowing of the particulates onto the 
substrate can be solved. 

In the processing apparatus of the particulate dust in plasma of the 
present invention, it is preferable that the collecting electrode has a structure 



that includes: a storage space storing the particulates collected therein; and an 
opening communicating between the storage space and the inside of the high 
vacuum enclosure. 

With this structure, the particulates generated in the plasma is absorbed 
and stored in the storage space through the opening, more particulates can be 
stored, and thus not only a life of the collecting electrode is lengthened but also 
the particulates due to the peeling are prevented from scattering from the 
opening even if the deposit is peeled in the storage space. Accordingly, the 
particulates associated with the peeling are made to occur less often. 

M= In the processing apparatus of the particulate dust in plasma of the 

Q 

O present invention, it is preferable that a particulate drawing electrode is provided 

Id around the opening, which is insulated from the collecting electrode and capable 

rii 

-C of appropriately applying an electric potential higher than that of the collecting 

III ' 
s electrode. 

jry Accordingly, since the particulate drawing electrode is provided, the 

CO generated particulates that is negatively electrified can be efficiently drawn out 

p from plasma and the amount of the particulates absorbed into the storage space 

from the opening can be increased. 

In the processing apparatus of the particulate dust in plasma of the 
present invention, it is preferable that the collecting electrode is in a continuous 
or discontinuous ring shape surrounding the substrate to be processed. 

Accordingly, since the collecting electrode is in the continuous or 
discontinuous ring shape and arranged substantially parallel with a processing 
plane of the substrate to be processed, a distance between the particulates, which 
is residual in the plasma boundary region immediately above the processing 
plane, and the collecting electrode can be made short, and thus the generated 
particulates can be efficiently collected and removed. 
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In the processing apparatus of the particulate dust in plasma of the 
present invention, it is preferable that the opening is provided in an inner 
periphery of the ring-shaped collecting electrode. 

Accordingly, since the particulates drawn to the collecting electrode are 
absorbed into the storage space from the opening without changing their 
direction much, the particulates can be absorbed from the opening efficiently. 

In the processing apparatus of the particulate dust in plasma of the 
present invention, it is preferable that the collecting electrode is arranged at a 
position having substantially the same height as that of the substrate to be 
H° processed, and that the opening is formed on an upper surface of the collecting 

O electrode. 

43 Accordingly, since the collecting electrode is arranged at the position 

m 

J having substantially the same height as that of the substrate to be processed, 

LP 

influence of the collecting electrode to plasma due to electrification can be 
Hi reduced, and in addition, since the particulates drawn to the collecting electrode 

GO by forming the opening on an upper surface of the collecting electrode, are 

P absorbed into the storage space from the opening without changing their 

direction much, the particulates can be absorbed from the opening efficiently. 

It is preferable that the processing apparatus of the particulate dust in 

plasma of the present invention comprises collecting electrode moving means for 

holding the collecting electrode in a movable manner in the high vacuum 

enclosure. 

Accordingly, even if a continuance position of the generated particulates is 
changed due to a state of plasma, a type of the reactive material to be introduced 
or the like, the particulates can be efficiently collected and removed by 
appropriately moving an orientation and a position of the collecting electrode in 
accordance with the change. 
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It is preferable that the processing apparatus of the particulate dust in 
plasma of the present invention comprises exhaust means for exhausting gas and 
the particulates in the storage space to the outside of the high vacuum enclosure. 

Accordingly, the generated particulates can be efficiently drawn out from 
plasma by adding an absorbing power by the exhaust means to the absorbing 
power by the electric charge, and the particulates deposited in the storage space 
is exhausted by the exhaust means. Therefore, not only a usable period of the 
collecting electrode can be lengthened, but also the particulates caused by the 
peeling are further prevented from returning into the high vacuum enclosure. 
H= In the processing apparatus of the particulate dust in plasma of the 

P present invention, it is preferable that the collecting electrode is freely 

detachable. 

m 

'i Accordingly, replacement of the collecting electrode can be easily 

If! 

3 executed. 

nj 

S BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a block diagram showing a constitution of a plasma etching unit 

provided with the processing apparatus of the particulate dust in plasma in a 
first embodiment of the present invention. 

Fig. 2 is a view showing the vacuum enclosure and its inner structure 
used in the first embodiment of the present invention. 

Fig. 3 is a side sectional view showing a removing state of the particulate 
dust inside the vacuum enclosure used in the first embodiment of the present 
invention. 

Fig. 4 is a perspective sectional view showing the structure of the 
collecting electrode used in the first embodiment of the present invention. 

Fig. 5 is a side sectional view showing the removing state of the 
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particulate dust in another embodiment of the present invention. 

Fig. 6 is a perspective sectional view showing a structure of the collecting 
electrode in another embodiment of the present invention. 

Fig. 7 is a block diagram showing a constitution of the plasma etching 
unit provided with the processing apparatus of the particulate dust in plasma in 
a second embodiment of the present invention. 

Fig. 8 is a view showing the vacuum enclosure and its inner structure 
used in the second embodiment of the present invention. 

Fig. 9 is a perspective sectional view showing the structure of the 

U collecting electrode used in the second embodiment of the present invention. 

□ 
Q 
M= 

m BEST MODE FOR CARRYING OUT THE INVENTION 

riJ 

JE Preferred embodiments of the present invention will be described with 

U1 

5 reference to the drawings as follows, 

jfy (Embodiment l) 

jri Fig. 1 is the block diagram showing the constitution of the plasma etching 

p unit provided with the processing apparatus of the particulate dust in plasma of 

the first embodiment. In the plasma etching unit used in the first embodiment, 
a vacuum enclosure 1 in which an upper electrode 2 of a disk shape for 
generating plasma and a lower electrode 3 on which a silicon wafer 11 being an 
object to be processed is mounted are arranged so as to oppose with each other, a 
first molecular pump 8 to make the inside of the vacuum enclosure be ultrahigh 
vacuum, and a rotary pump 10 are connected in series, and a trap 9 is provided 
in the upstream of the rotary pump 10. 

Further, variable leak valves VL1 capable of appropriately adjusting an 
introduction amount of the reactive gas (fluorine, chlorine or the like is mainly 
used) for etching the silicon wafer 11 are provided to the vacuum enclosure. 
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Adjusting the VLls makes it possible to appropriately adjust pressure division of 
the reactive gas introduced into the vacuum enclosure 1, and pressure of the 
introduced reactive gas is detected by a pressure meter (not shown). 

The upper electrode 2 and the lower electrode 3 are connected to a plasma 
controller 5 as shown in Fig. 1, and an appropriate voltage (about 300V to 500V 
in Embodiment l) is applied between the electrodes so that the plasma controller 
5 generates plasma between the upper electrode 2 and the lower electrode 3 in a 
good condition. 

The vacuum enclosure 1 of Embodiment 1 is made of stainless steel or 
U aluminum excellent in anticorrosiveness having a shape shown in Fig. 2, and 

□ around the lower electrode 3 on which the silicon wafer 11 being the object to be 

°m processed is mounted, a metal collecting electrode 4 that has a continuous ring 

'£ shape surrounding the silicon wafer 11 mounted on an upper plane of the lower 

tin 

■ electrode 3 and that collects the particulates generated in plasma is provided on 

fy attaching stays 12 inside of which is hoUow. The collecting electrode 4 is 

00 connected to the rotary pump 10 via the attaching stays 12, a second turbo 

P molecular pump 7 and the trap 9, and the inside of the collecting electrode 4 is 

absorbed in high vacuum by the second turbo molecular pump 7 via the attaching 
stays 12. The collecting electrode 4 is also connected to a collecting electrode 
electrifying unit 6 as the electrifying means for applying a direct voltage so as to 
appropriately adjust its electric potential (the direct current is used in this 
embodiment, but the alternating current may also be used). 

The structure of the collecting electrode 4 having the continuous ring 
shape used in Embodiment 1 is a hollow structure that includes the space 
capable of storing the collected particulates inside thereof as shown in Fig. 3 and 
Fig. 4. Openings 13 are formed on the inner periphery of the collecting electrode 
4 with a predetermined distance, and the particulates generated in plasma are 
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collected into hollow space of the collecting electrode 4 through the openings 13 
and the most of the collected particulates are ejected to the outside of the vacuum 
enclosure 1 through the attaching stays 12. 

As described, although Embodiment 1 uses one collecting electrode 4 of 
the ring shape, the present invention is not limited to this, and the collecting 
electrode 4 is made to be plural numbers and the plurality of collecting electrodes 
may be arranged in a discontinuous ring shape to form the electrode. 

Furthermore, in Embodiment 1, particulate drawing electrodes 15 are 
provided on an inner surface of the inner periphery of the collecting electrode 4 
where the openings 13 are formed in order to take in the particulates generated 
in plasma efficiently into the collecting electrode 4 through the openings 13, the 
particulate drawing electrode 15 being insulated from the collecting electrode 4 
by arranging an electrically insulative insulation plate 14 and formed behind the 
opening 13 so as to surround the opening 13. The collecting electrode 
electrifying unit 6 is designed to apply the direct voltage to the particulate 
drawing electrodes 15 independently of the collecting electrode 4 such that the 
electric potential of the particulate drawing electrode 15 is appropriately higher 
than that of the collecting electrode 4. 

As described, when the particulate drawing electrodes 15 is provided to 
keep the electric potential thereof appropriately higher than that of the collecting 
electrode 4, the particulates generated in plasma and electrified in negative 
charge can be efficiently drawn out from plasma and the particulates drawn out 
from plasma are accelerated to be taken into the openings 13, and thus the 
amount of the particulates taken into the collecting electrode 4 can be increased. 
Although this is preferable, the present invention is not limited to this, and the 
particulate drawing electrodes 15 may not be provided. 

Further, although a shape of the openings 13 is made to be a circle in 
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Embodiment 1, the present invention is not limited to this, and the openings may 
be formed in an ellipse or a slit shape and their size also may be selected based 
on the size of the collecting electrode 4. 

Moreover, in Embodiment 1, the particulates collected inside the 
collecting electrode 4 are ejected to the outside of the vacuum enclosure 1 through 
the attaching stays 12. Although this ejection method is preferable because 
deposition of the particulates in the hollow of the collecting electrode 4 is reduced 
and the usable period of the collecting electrode 4 can be lengthened, the present 
invention is not limited to this. 

Description will be made for an operation of the processing apparatus of 
the particulate dust in plasma of Embodiment 1 as follows. Firstly, the plasma 
controller 5 applies the predetermined electric potential between the upper 
electrode 2 and the lower electrode 3 to generate plasma inside the vacuum 
enclosure 1 where the reactive gas having a predetermined pressure is 
introduced as in the foregoing. 

The reactive gas is excited by radical atoms with full reactivity due to 
generation of plasma, silicon atoms react with the radical atoms by impacting the 
radical atoms to the surface of the silicon wafer 11, and fly into the vapor phase 
in a form of compounds. Thus, the surface of the silicon wafer 11 is etched. 

The particulate dust such as the clusters and the like having a size of 
nano-meter to a few tens of micrometer is generated due to reaction among 
compounds generated in the etching process again in plasma. 

When the electric potential of the collecting electrode 4 is kept lower than 
the electrical potential of plasma, the generated particulates are electrically 
confined by the collecting electrode 4 of the ring shape in a radius direction 
thereof and also confined in the boundary region between plasma and the silicon 
wafer 11, and taken into the collecting electrode 4 via the openings 13. 
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At this point, when the electric potential of the particulate drawing 
electrode 15 is kept higher than the electric potential of the collecting electrode 4, 
the negatively electrified particulates in plasma are drawn and accelerated by 
the particulate drawing electrode 15, and taken into the collecting electrode. 
The particulates taken into the collecting electrode 4 are neutralized in the space 
inside the collecting electrode 4, a portion of the particulates is stored in the 
space and the other particulates are ejected to the outside of the vacuum 
enclosure 1 through the attaching stays 12 as described above. 

Furthermore, in Embodiment 1, a configuration of the collecting electrode 
4 is arranged so as to position higher than the surface height position of the 
silicon wafer 11 as in Fig. 3, but the present invention is not limited to this. The 
configuration is made such that a collecting electrode 4' and the surface height 
position of the silicon wafer 11 are arranged to have substantially the same 
height positions as shown in Fig. 5, and openings 13' are formed on an upper 
plane of the collecting electrode 4' accordingly as shown in Fig. 6. 

The collecting electrode 4' does not hinder the silicon wafer 11 from being 
carried in and out onto/from the lower electrode by making the height positions of 
the collecting electrode 4' and the surface height position of the silicon wafer 11 
substantially the same. This not only improves operation efficiency but also can 
prevent the collecting electrode 4' from influencing generation of plasma. 
Although this is preferable, the present invention is not limited to this. 

When the collecting electrode 4' is used, the electric potential of the 
collecting electrode 4' is set to a level a little higher (5% to 25%, for example) than 
that of the lower electrode 3, and thus the negatively electrified particulates are 
absorbed and removed via the openings 13'. 

The collecting electrodes 4 and 4' are periodically detached from the 
attaching stays 12 for replacement after usage of a predetermined period, and the 
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particulates stored in the inner space of the collecting electrodes 4 and 4' are 
gathered. 

(Embodiment 2) 

Fig. 7 is the block diagram showing the constitution of the plasma etching 
unit provided with the processing apparatus of the particulate dust in plasma of 
the second embodiment, its main constitution is substantially the same as 
Embodiment 1, and the same reference numerals are used for the items same as 
Embodiment 1. 

In Embodiment 2, what is significantly different from Embodiment 1 is 

N= that a collecting electrode 4" used in Embodiment 2 is a box shape of a 

O 

O predetermined size as shown in Fig. 9 relative to the ring shape in Embodiment 1. 

H= 

m An opening 13" is formed on a side of the electrode, each collecting electrode 4' is 

ry 

£ connected to the collecting electrode electrifying unit 6 similarly to Embodiment 

m 

• 1, and the particulate drawing electrode 15 is fit in behind the opening 13". 

PJ Note that the collecting electrode 4" is the box shape in Embodiment, but the 

m present invention is not limited to this and the shape of the collecting electrode is 

M= arbitrarily decided. 

The collecting electrode 4", as shown in Fig. 7 and Fig. 8, is attached to a 
tip end of a movable arm as collecting electrode moving means that consists of an 
elevating unit 18 and a rotating unit 17, and the movable arms to which the 
collecting electrode 4" is attached are provided from peripheral four directions 
toward a central region of the lower electrode 3. 

The elevating unit 18 and the rotating unit 17 are connected to a movable 
arm controller 16 that controls the movement of the movable arm. The 
elevating unit 18 moves an arm section attached thereto up and down and the 
rotating unit 17 executes rotation of the arm section attached thereto based on an 
instruction from the movable arm controller 16. Thus, each collecting electrode 
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4" can individually move above the silicon wafer 11. 

When the collecting electrodes 4" are appropriately moved to gather the 
generated particulates in plasma into the collecting electrodes 4", the electric 
potential of the collecting electrodes 4" may be set to a level a little higher than 
that of the lower electrode 3. 

Accordingly, moving the collecting electrodes 4" is preferable, because 
even if a generation position of the particulates generated is changed depending 
on a status of plasma or a type of the reactive gas used, the particulates can be 
efficiently removed by moving the collecting electrodes 4" in accordance with the 
positional change. Moreover, in Embodiment 2, although the collecting electrode 
used is the box shaped collecting electrode 4", the present invention is not limited 
to this and the collecting electrodes 4 and 4' of the ring shape may be 
appropriately moved. 

Further, although it is not executed in Embodiment 2, a function that the 
orientation of the opening 13" can be changed to up, down, right or left is 
optional. 

As in the foregoing, the present invention has been described based on 
the drawings. It is needless to say that the present invention is not limited to 
the embodiments, but changes and additions without departing from the spirit of 
the present invention are included in the present invention. 

For example, description is made for the plasma etching apparatus in the 
embodiments, but the present invention is not limited to this, and it is needless 
to say that the present invention is applicable to any apparatus such as a film 
manufacturing apparatus using the plasma process. 

Furthermore, functions such that a heater or the like is provided for the 
collecting electrodes 4 and 4' to heat them if necessary in order to prevent 
adhesion of the particulates, removal of the particulates deposited is executed 
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periodically and the like are optional. 

The silicon wafer is used as the substrate to be processed in each 
embodiment, but the present invention is not limited to this, and the substrate to 
be processed is arbitrarily decided. 

In addition, the shapes, the configurations and the like of the insulation 
plate 14 and the particulate drawing electrode 15 are also not limited to each 
embodiment, but the shapes, the configurations and the like may be 
appropriately changed. 

Still further, the openings 13, 13' and 13" are provided in each 
embodiment, but the present invention is not limited to this. The particulate 
dust generated in plasma may be trapped into predetermined space or deposited 
on the collecting electrodes 4, 4' and 4" during the plasma processing by 
appropriately controlling the electrical potential of the collecting electrodes 4, 4' 
and 4" instead of providing the openings 13, 13' and 13". 
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What Is Claimed Is: 

1. A processing method of particulate dust in plasma, in which the particulate 
dust in plasma is processed when a substrate to be processed is arranged in a 
high vacuum enclosure, plasma is generated in the high vacuum enclosure, and a 
reactive material is appropriately introduced into the high vacuum enclosure to 
perform processing of said substrate to be processed, wherein 

at least one collecting electrode is provided around the substrate to be 
processed in said high vacuum enclosure other than an electrode performing said 
generation of plasma, and 

a predetermined electric potential of direct current or alternating current 
is appropriately applied to the collecting electrode. 

2. A processing apparatus of particulate dust in plasma, in which the particulate 
dust in plasma is processed when a substrate to be processed is arranged in the 
high vacuum enclosure, plasma is generated in the high vacuum enclosure, and a 
reactive material is appropriately introduced into the high vacuum enclosure to 
perform processing of said substrate to be processed, the apparatus consists of: 

at least one collecting electrode provided around the substrate to be 
processed in said high vacuum enclosure other than said electrode performing 
the generation of plasma; and 

electrifying means capable of appropriately applying a predetermined 
electric potential of direct current or alternating current to the collecting 
electrode. 

3. The processing apparatus of the particulate dust in plasma according to Claim 
2, wherein 

said collecting electrode has a structure that includes-' a storage space 
storing the particulates collected therein; and openings communicating between 
the storage space and the inside of a high vacuum enclosure. 
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4. The processing apparatus of the particulate dust in plasma according to Claim 
3, wherein 

a particulate drawing electrode is provided around each of said openings, 
which is insulated from said collecting electrode and capable of appropriately 
applying an electric potential higher than the electric potential of said collecting 
electrode. 

5. The processing apparatus of the particulate dust in plasma according to Claim 
2, wherein 

said collecting electrode is in a continuous or discontinuous ring shape 

M= surrounding said substrate to be processed. 

O 

O 6. The processing apparatus of the particulate dust in plasma according to Claim 

N= 

*§ 5, wherein 

ry 

£ said openings are provided on an inner periphery of said ring-shaped 

Ul 

s collecting electrode. 

M" 

nj 7- The processing apparatus of the particulate dust in plasma according to Claim 

00 3, wherein 

p • said collecting electrode is arranged at a position having substantially the 

same height as the height of the substrate to be processed, and 

said openings are formed on an upper surface of the collecting electrode. 

8. The processing apparatus of the particulate dust in plasma according to Claim 
2, comprising: 

collecting electrode moving means for holding said collecting electrode in 
a movable manner in said high vacuum enclosure. 

9. The processing apparatus of the particulate dust in plasma according to Claim 
2, comprising: 

exhaust means for exhausting gas and the particulates in said storage 
space to the outside of the high vacuum enclosure. 
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10. The processing apparatus of the particulate dust in plasma according to 
Claim 2, wherein 

said collecting electrode is freely detachable. 



□ 
O 



18 



10/019245 

PCT/JP99/03501 

1 / 6 




WO 01/01467 

2 / 6 



lo/oiy?/.:-. 

PCT/JP99/03501 



[12] 



WO 01/01467 

[0 5 3 



4 / 6 



PCT/JP99/03501 




WO 01/01467 - ^- • ^ PCT/JP99/03501 

5/6 

mi] 





-lilt-Ill 1 1,1 L IIIJ I I B'I'II 



4 2301-12-18 13:18 



NO. 218 P. 2/8 



DECLARATION AND POW ER OF ATTORNEY FOR PATENT AmiQ^TJPN 



Attorney Docket No: SHIG C 1 05 05 
First Named Inventor: SATOctal 

Complete if taiown: Serial No:, Piling Date: December is, 2001 

Group Art Unit: Examiner: 



As a below named inventor, I hereby declare that: 

My residence,, post office address and citizenship ate as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled PROCESSING METHOD 

OF PARTICULATE DUST IN PLASMA AND APPARATUS OF THE SAME , the 

specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, S. 1.56(a), 

I hereby olairn foreign priority benefits under 35 U.S.C. 1 19(a)-(d) or 365(b) of any foreign 
application(s) for patent or inventor's certificate, or 365(a) of any PCT international application 
which designated at least one country other than the United States of America, listed below and 
have also identified below any foreign application for patent or inventors certificate or of any 
PCT international application having a filing date before that of die application on which priority 
is claimed: 

Prior Foreign Application^: Certified Copy 

Priorfty Claimed .Attached 
□ Ves □ No D Yes □ No 



(Number) (Country) (Month/TDay/Y ear Filed) 



□ Yes QNo DYes QNc 



(Number) (Country) (Month/Day/Year Filed) 

I hereby claim the benefit under 35 U.S.C. 1 19(e) of any United States provisional application^) 
listed below: 
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Application No: Filing Date: 



I hereby claim the benefit under 35 U.S.C. 120 of any United States apphcation(s), or 363(c) of 
any PCT international application designating the United States of America, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United Stales or PCT International application in the manner provided by flue first paragraph of 
35 U.S.C 112, 1 acknowledge the dirty to disclose information which is material to patentability 
as defined in 37 CFR 1.56 which became available between ihe filing date pf the prior 
application and the national or PCT international filing date of this application: 

PCT/JP99/03S01 06 /29/ 99 — — 

US Parent Application No. Parent Filing Date Parent Patent Number 

ox PCT Parent Appln. No. Of applicable) 

And I hereby appoint HAYES, SOLOWAY, HENNESSEY, GROSSMAN & HAGE. P.C., a 
firm composed of Oliver W. Hayes, Reg. No_L5J5£2i Norman P. Soloway, Reg. No, 24.315; 
William O. Hennessey, Reg. Ne^32J)3-2; Susan H. Hage, Reg. No. 29,646; Steven J. Grossman, 
fi Reg. No . 3S>00 ^ and Donald J. Perreault, Reg. N o. 40,126 ; Peter W, Murphy, Reg, No. 43,822; 
7 Jeffrey T. Plaeker, Reg. No. 47^862; Scott R. Faber, Reg. No. 48,38j); or any of them, of T75 
1 Canal Street, Manchester, New Hampshire 03 101 (Telephone: 603-668-1400); or Edmund Paul 
Pfleger. Reg. No. 41,252; Dale F. Regelman, Reg. No. 45,625; or Kevin M. Drucker, Reg. No. 
47,537, or any of them, of 130 W. Gushing Street, Tucson, Arizona 85701 (Telephone: 520- 
882-7623) my attorneys with full power of substitution and revocation, to prosecute this 
application and to transact all business in the Patent Office connected therewith. 

Please direct all future correspondence in connection with this application to the attention of 
NormanjP. Soloway, HAYES, SOLO WAY, HENNESSEY, GROSSMAN & HAGE, P.C., 
JJfl W- Cu^rd^Stiget, Tucson, Arizona. 8570 1 (Telephone: 520-882-7623). 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

Full name of sole or first inventor: / Norivoshi SA TO 

First Inventor's rignatoeCZ^^a^.^^ Date ^^r^ 0 I 

Residenc e- A-17-1 13. Kad an. AKha-ku. Sendai-Bhi. Mivagi 980-08 15 JAPAN V 

Citizenship; JAPAN ^ 

Post Office Address: Same as Residence 
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Full name of second inventor: 



SatnmTreUKA 



R^Sfn SlSSlfi^^S^S^ e^chome - T^iHklm-tai. Sendii-shi. frgggi 9S2-QQ03 JMAH ^ 
Citizenship: JAPAN 
Post Office Address: ] 
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Full name of third inventor: , 



"Giichiro UCHIDA 



Third Inventor's signature 
Residene*iJfb2f 
Citizenship: 
Post Office Address: £ 



Pate (I t?ec. Jgg / 



iftchi. 1-chome. Aobs-ka. Sandai-sh i. Mjvag^981.Q967 JAPAN 
JAPAN. 
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IMPORTANT NOTICE RE DUTY OF CANDOR AND GOOD FAITH 

The Duty of Disclosure retirements of Section 1.56(a), of Title 37 of the Code of 
Federal Regulations ere as follows: 

A duty of candor and good faith toward the Patent and Trademark Office rests on the 
inventor, on each attorney or agent who prepares or prosecutes the application and on every other 
individual who is substantively involved in the preparation or prosecution of the application and 
who is associated with the investor, with the assignee or with anyone to whom there is an 
obligation to assign the application. All such individuals have a duty to disclose to the Office 
information they are aware of which is material to the examination of the application. Such 
information is material where there is a substantial likelihood that a reasonable examiner would 
consider it important in deciding whether to allow the application to issue as a patent. The duty is 
commensurate with the degree of involvement is the preparation or prosecution of the 
application 

By virtue of mis regulation each inventor executing the Declaration for the filing of a 
Patent Application acknowledges his duly to disclose information of which he is aware and 
which may be material to the examination of the application. 

Inherent in this is the duty to disclose any knowledge or belief that the invention: 

(a) was ever known or used in the United States of America before his invention thereof; 

(b) was patented or described in any printed publication in any country before his 
invention thereof or more than one year prior to the actual filing date of the U.S. patent 
application; 

(c) was in public use or on sale in the United States of America more than one year prior 
to the actual filing date of the U.S. patent application; or 

(d) has been patented or made the subject of inventor's certificate issued before the actual 
filing date of the U.S. patent application in any country foreign to the United States of America 
on an application filed by him or his Jegal representatives or assigns more than twelve months 
before the actual Filing date in the United States. 

NOTE: The 'T^oiraation'' concerned includes, but is not limited to, all published applications 
and patents, includina applicant's and assignee's own , U.S. or forei gn applicatio ns and p atents, as 
well as any other pertinent prior art known, or which becomes known, to the inventor or his 
representatives. Where English language equivalents of foreign language documents are known, 
they should be identified and, when possible, copies supplied. Failure to comply with this 
requirement may result in a patent issued on the application being held invalid even if the known 
prior art which is not supplied is material to only one claim of that patent. 
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